Caveolin-1 and Rac regulate endothelial capillary-like tubular formation and fenestral contraction in sinusoidal endothelial cells.
Rho guanidine triphosphatases (GTPases) are major regulators of cell migration. We investigated the cytoskeleton and Rho GTPases during cell migration and morphogenesis processes in isolated rat liver sinusoidal endothelial cells (LSECs) cultured on Matrigel while stimulated by the vascular endothelial growth factor (VEGF). To obtain primary monolayers, LSECs were cultured on Matrigel for 5-17 h with or without VEGF. Sinusoidal endothelial fenestrae (SEF) morphology was observed using scanning electron microscopy and transmission electron microscopy. RhoA, Rac1 and phosphorylated myosin light-chain kinase, Rho-binding domain of Rhotekin and the p21-binding domain of p21-activated protein kinase were analysed using Western blotting. The LSECs showed cellular protrusions and or cords of aligned cells resembling primitive capillary-like structures, with SEF contraction. Time course analyses of Rac1 activation matched specific morphological changes. Rac1 activity increased progressively to 17 h in cells cultured without VEGF, but markedly increased at 7 h in the presence of VEGF. RhoA activity was slightly elevated at 5 h. The levels of endogenous caveolin-1 (CAV-1) expression increased in a time-dependent manner, reaching a peak at 7 h. CAV-1 expression occurred immediately before the formation of the capillary-like tube. Moreover, treatment with VEGF regulated CAV-1 expression in LSECs. Spatial activation of Rac1 is involved in the formation of a capillary-like tubular network accompanying SEF contraction in LSECs, implying that endothelial migration and adhesion are necessary for LSECs tubular formation in the liver. CAV-1 might play an important positive role in the regulation of LSEC tubular formation.